ABSTRACT
19
although based on a single MV geometry.
20
However, no study has ever investigated the biomechanics underlying the above-mentioned spectrum of 21 different surgical NCI techniques and, in particular, using a patient-specific multidisciplinary approach 22 combining bioengineer, radiological and surgical methods. Therefore it was the aim of this study to deeper 23 investigate degenerative MVs with isolated P2-scallop prolapse via a computational evaluation protocol,
24
based on FE method combining patient-specific MV modeling from cardiac magnetic resonance imaging M A N U S C R I P T
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(cMRI) and intraoperative surgical findings, in order to assess biomechanical effects of different clinical 1 scenarios of P2-prolapse, as well as of different surgical techniques of NCI.
2

MATERIALS AND METHODS
3
The outline of the entire developed framework is qualitatively reported in Figure 1 
12
arising from posteromedial PM and anchoring at the "cleft" area of P2 next to P3 scallop; finally patient 4
13
was affected by a single primary chordal rupture, arising from anterolateral PM and anchoring on mid-P2.
14
In each preoperative acquisition cine cMRI images were acquired on 18 cut-planes evenly rotated around 
16
Thirty cardiac frames were acquired on each plane, with different temporal resolution according to the R-R 17 interval of each patient; cMRI images were acquired using a 3.0T TX Achieva system (Philips Medical
18
System) with a pixel-spacing of 1.25mm and a slice thickness of 8mm.
19
3D cMRI-derived MV model. The cMRI quantification of MV apparatus was accomplished through a 20 standardized and already published technique. 15 Briefly, the segmentation of the entire set of images was 21 realized using a dedicated software developed in MATLAB (The MathWorks Inc., Natick, MA, United States).
22
The position of reference points, belonging to relevant MV substructures (i.e. mitral annulus, leaflet free 23 margin and papillary muscles), was manually selected within the entire set of images: the coordinates of 24 the identified points were then automatically transformed in the 3D space using the information stored in 25 the appropriate DICOM fields in order to reproduce a complete and patient-specific 3D geometrical model
of the MV apparatus. Moreover, the segmentation of the entire set of cine cMRI images allowed to track 1 the motion of both mitral annulus and PMs throughout the entire R-R interval. Relevant parameters were 2 then computed on the basis of the obtained 3D model in order to assess MV geometry at the mid-systolic 3 frame (Table 1) .
4
The initial stress-free MV geometry was reconstructed with reference to end-diastole, i.e. the last frame 5 preceding leaflets closure, and following the approach proposed by Stevanella et al. 15 : a complete 3D was simulated from end diastole to peak systole, defined as the mid-systolic frame within the R-R interval.
19
Suture length and neochordal implantation. For each cMRI-derived model, the systolic MV biomechanics 20 was first simulated, reproducing the preoperative scenario of MV lesions and dysfunctions (Pre-model).
21
From the Pre-model, a physiological MV model (Phys-model) was derived, which was characterized by 22 complete and intact chordal apparatus. For the Phys-model, the systolic peak configuration was computed, 
5
IRB approved conducting the study and informed consent was obtained from each patient.
6
RESULTS
7
Leaflet reposition. In each patient the use of ePTFE sutures, regardless of the performed NCI configuration, 
2
In the prolapsing region of each preoperative model, CoL was absent due to IPP; a portion of the free 3 margin of the prolapsing scallop thus resulted in no-coaptation as noticeable in Figure 2a .
4
After NCIs, for each patient, CoL was restored and its mean value was equal to 6.0±0.3mm in patient 1, 5 6.7±0.4mm in patient 2, 5.4±0.5mm in patient 3 and 7.5±0.2mm in patient 4, respectively; in accordance 6 with CoA-recovery results, the highest CoL values were obtained using multiple NCI: LN (6.41mm) in patient 7 1, DN (7.15mm) in patient 2, LNH (5.80 mm) in patient 3 and LNH in patient 4 (7.60mm).
8
PMs forces. In all NCI models, a slight reduction of PM reaction force was noticed ( 
23
Stress analysis. In the Pre-model of each patient, low S I stresses were reported on the prolapsing segment
24
of the posterior leaflet; on the contrary, concentrations of S I stresses were reported in the proximity of the 25 prolapsing region, and in particular: i) along the free margin of P2 scallop close to the insertion of intact M A N U S C R I P T
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native chordae as highlighted in patient 1, 2 and 4 ( Figure 3, a) ; ii) on the adjacent posterior scallop P3, as 1 assessable in patient 3, whose prolapse was located in proximity of the P2-P3 "cleft" area. The maximum 2 value of stress S I MAX was extracted for each Pre-model, along the free margin of the posterior leaflet and 3 found to be equal to 272.0kPa, 349.1kPa, 145.6kPa and 364.1kPa, in each patient respectively. In patient 3,
4
S I stresses were markedly lower compared to other patients; as a matter of fact, the location of prolapse in 5 patient 3 showed to be more lateral (i.e. nearer to P3 scallop) than in the other patients, whose prolapse 6 mainly involved the central P2 scallop.
7
In postoperative simulations, S I stresses were computed along the free margin of the entire posterior 
16
According to our data, it is possible to define in any patient a theoretical patient-specific "gold standard"
17
NCI technique, in terms of both "macroscopic" and "biomechanical" characteristics. Indeed, coaptation 18 area (CoA) and length (CoL) can be considered as "macroscopic" pivotal parameters (as a matter of fact,
19
surgery generally aims at maximizing both parameters): however, "biomechanical" variables, such as the 20 relief of tension on the native chordae, the degree of stress redistribution on MV leaflets, and peak 21 mechanical stresses observed along the leaflet free margin after NCI, although not directly measureable by
22
surgeons, may play a crucial role in defining the "best repair technique". As examples, in patients 1 and 4
23
(who shared a similar but "specular" mechanism of isolated P2 prolapse), LN and LNH respectively proved 
21
Indeed, our cMRI-derived FE models confirmed the clinical hypothesis, 9, 30 according to which multiple 22 ePTFE neochordae can provide a larger leaflet coaptation area, better preserve the ventriculo-annular 23 continuity, and better redistribute stresses on the repaired leaflet. As clinically supposed, in our simulations 24 the largest CoA and the highest reduction of S I MAX along the free margin were achieved with multiple NCI. 
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Limitations.
17
The present study has three main limitations. 
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Third, the adopted modeling methodology requires a consistent amount of computational and human 1 work, which is not compatible with its use for a routine clinical application. 
